Introduction
Exogenous lipid pneumonia (ELP) results from inhalation or aspiration of oily material. Only isolated cases of ELP have been reported in cats, 1-3 dogs 4 and horses. 5 Chronic forced administration of mineral oil used for treatment of constipation and hair balls is the most common cause of ELP in cats. [1] [2] [3] Clinical signs are nonspecific and can vary from absent to severe, depending on the amount and quality of the lipid aspirated. 1, 2, 6 Treatment of ELP is largely supportive after cessation of the inciting agent. Prognosis depends on the extension of the lesions and the progression to permanent changes such as fibrosis. 1, 2 We report the clinical and imaging findings in three cats with ELP that received mineral oil as a treatment for chronic constipation. mineral oil administration. The cat had been treated conservatively with mineral oil (PO q12h) and a low-residue diet for a 3 year period. Rectal enemas were occasionally performed in case of an episode of constipation.
The cat showed low body condition score (BCS), abdominal breathing, tachypnoea (80 breaths per minute) and cyanotic mucous membranes on physical examination. Thoracic radiographs revealed an alveolar pattern in the right middle and left cranial lung lobes, with a ventral distribution (Figure 1a,b) .
Aspiration pneumonia was suspected and supportive treatment based on oxygen, antibiotics, systemic corticosteroids, bronchodilators and intravenous (IV) fluids was established. Mineral oil was immediately discontinued. The patient improved clinically and was discharged with antibiotics, inhaled corticosteroids and bronchodilators 4 days later.
There was only a mild improvement of the lung changes on the follow-up thoracic radiographs 2 weeks after the initial onset (Figure 1c,d ). Bronchoalveolar lavage (BAL) under general anaesthesia showed marked macrophagic inflammation with a neutrophilic component. The majority of the macrophages contained multiple round, clear and different-sized vacuoles compatible with lipid droplets (Figure 2 ). Both fungal and bacterial culture yielded no growth. Constipation episodes persisted 1 year later and subtotal colectomy was performed. Thoracic radiographs were obtained before surgery and a miliary 'spongelike' mineralised pattern was visible in the previously affected lung lobes ( Figure 3 ). The alveolar pattern in the right middle lung lobe was still present. The cat was still alive while writing this case series, 7 years after the initial presentation, and no recurrence of the respiratory signs had been noted.
Case 2
A 4-month-old entire female Persian cat was referred to our institution for chronic constipation and acute vomiting. The cat had been treated with mineral oil (PO q12h) and rectal enemas with partial response since the beginning of the clinical signs. Physical examination revealed low BCS, crackles in all lung lobes in the lung auscultation and abdominal discomfort on palpation. Thoracic radiographs showed diffuse increased soft tissue opacity within the lungs, more marked in the cranioventral aspect of the thorax, with an alveolar pattern in the right and left cranial and the right middle lung lobes. There was also a focal alveolar pattern with a perihilar distribution in the caudal and accessory lung lobes (Figure 4a,b) . Severe diffuse colon distension was noted in the abdominal radiographs. Marked scoliosis of the lumbar spine, partial fusion of the L5-S1 vertebral bodies and decreased pelvic diameter were also noted, so secondary obstructive megacolon was suspected. Rectal enema was performed and supportive treatment based on antibiotics, systemic corticosteroids, bronchodilators and IV fluids was established for the suspected aspiration pneumonia. Mineral oil was immediately discontinued. The patient improved after 2 days and was discharged with antibiotics, systemic corticosteroids, lactulose and a low-residue diet.
Two months later, follow-up thoracic radiographs showed an alveolar pattern (similar to that previously described) with granular mineral opacities and 'spongelike' appearance of the previously affected lung lobes (Figure 4c,d ). Multiple recurrent episodes of respiratory signs were recorded during a year, which partially responded to systemic corticosteroid and bronchodilator therapy. Owing to the refractory medical management, subtotal colectomy was elected as the treatment for the obstipation 1 year later. CT of the thorax was performed prior to surgery, showing an alveolar pattern with air bronchograms in all lung lobes, with a ventral distribution in the cranial and middle lobes, and a perihilar distribution in the caudal and accessory lung lobes. Within the consolidated lobes, patchy ill-defined fat-attenuating areas and punctiform mineral-attenuating structures were present ( Figure 5 ). Three years later, neither the respiratory signs nor the constipation reappeared.
Case 3
A 6-year-old neutered male domestic shorthair cat was referred to our institution for acute non-ambulatory tetraparesis secondary to a traumatic event. General physical examination was unremarkable. Postural reactions were absent in the right limbs and decreased in the left limbs in the neurological examination. Mild cervical hyperesthesia was noted. Previous to the MRI study and as part of the pre-anaesthetic protocol, thoracic radiographs were obtained. Increased soft tissue and granular mineral opacity were present in the caudal aspect of the right middle lung lobe ( Figure 6 ). Previous aspiration of mineral oil was suspected as a result of the radiographic 
Discussion
Exogenous lipid pneumonia is a particular form of aspiration pneumonia, resulting from accumulation of oily compounds of mineral, vegetable or animal origin within the alveoli. 1,2,4 Mineral oil, such as paraffin oil, has been widely used as a laxative for constipation in cats. 1 The tasteless and mild nature of the mineral oil makes it less irritating to mucosal surfaces without eliciting a cough reflex when aspirated. 4 It may also inhibit mucociliary transport, subsequently reaching easily the bronchial tree and reducing its clearance from the respiratory tract. 6 These characteristics of the mineral oil explain the chronic and subclinical behaviour of the disease when small amounts of lipids are aspirated, such as in case 3, where the radiographic findings were incidental and the cat had never exhibited respiratory signs. More than half of the patients in human medicine are asymptomatic on presentation. There is also frequently a discrepancy in the severity between the radiological and clinical findings in people, with extensive imaging findings in asymptomatic patients. 6 Cases 1 and 2 showed extensive radiological changes and only the first exhibited severe respiratory signs on presentation. Similarly to what has previously been reported, cases 1 and 2 showed an absence of or minor improvement in the radiographic lung pattern. This may be explained by the inability of the macrophages to metabolise the lipid material, degenerating and releasing the oil back into the alveoli. 4 The diagnosis of ELP is based on a history of exposure to oil, imaging findings indicating aspiration pneumonia and the presence of lipid-laden macrophages on BAL analysis. BAL may be normal or show lipid-laden macrophages, with or without other inflammatory cells. 6 In case 1, BAL demonstrated lipid droplets within the cytoplasm of the macrophages, confirming the suspected diagnosis of ELP. All three cases had a common clinical history of gastrointestinal disorders and long-term forced oral administration of mineral oil. Furthermore, in 2/3 cases, radiographic findings were clearly associated with administration of the lipid.
Radiographic features of ELP in the literature are described as non-specific, including a mixed interstitial to alveolar pattern involving mainly the dependent portion of both cranial lobes and the right middle lung lobe, 1, 6 occasionally forming masses or nodules. 4, 7 However, to our knowledge, no mineral opacity within the lungs has been described in cases of ELP. All three cats showed a pulmonary pattern and a distribution compatible with aspiration pneumonia, with an alveolar pattern in the ventral part of the middle and/or cranial lung lobes. Perihilar distribution has also been reported, 2 similar to case 2, in which the cranioventral aspect of the thorax was also affected.
High-resolution CT is the best imaging modality for the diagnosis of ELP in people. 6, 8 Multiple different nonspecific pulmonary patterns have been described for ELP on CT in people, but the most characteristic finding is the presence of fat-attenuating areas in the consolidated lungs. 8 This feature has been described in dogs, 3 and was also present in case 2, where the alveolar pattern within the affected lung lobes showed negative attenuating areas. To our knowledge, no descriptions of the CT features have been previously described in cats.
Chronic consolidation and mineralisation of the lung lobes was the characteristic finding in all three cases herein. Pathological mineralisation of the pulmonary parenchyma is rare, and may occur via a metastatic mechanism, in which calcium deposits in normal tissues, or via a dystrophic mechanism, occurring in previously damaged, degenerated, necrotic or fibrotic lung tissue. 9 In ELP, chronic accumulation of lipid in the alveoli triggers a pyogranulomatous or foreign body type inflammatory reaction and fibrosis. 7 Therefore, a dystrophic mechanism may explain the mineralisation in our cases.
Dystrophic mineralisation of the lungs has been described in chronic pyogranulomatous pneumonia caused by mycobacteria in cats. [10] [11] [12] Unlike in our cases, perihilar lymphadenomegaly was the most common finding in mycobacterial infections, and radiographic changes represent usually a multisystemic disease. 11 However, non-tuberculous mycobacteria (NTM) infections may be confined to the thoracic cavity, causing consolidation and mineralisation of the lungs, 10 similar to cases 1 and 2. There are various reports in the literature of NTM infections as a complicating factor of ELP in people, dogs and cats. [13] [14] [15] Lipid-rich environments seem to be essential in some fast-growing species of NTM, acting as a mechanical protection and contributing to the growth and pathogenicity of the organisms. 13, 15 In our patients, an underlying mycobacterial infection was considered unlikely considering the clinical presentation and the absence of progression of the pulmonary lesions years later not receiving proper treatment for mycobacteriosis.
Multifocal mineral opacities thorough the lung fields have also been described in cases of broncholithiasis in cats. 16, 17 Broncholithiasis is defined as the presence of calcified material within the bronchial lumen, usually as a result of mineralisation of inspissated bronchial secretions in chronic diffuse inflammatory lower airway disease. 16, 18 In contrast to our cases, this condition is commonly associated with a bronchial pattern and signs of obstruction of the airways (bronchiectasis, emphysema). 17, 18 Moreover, the CT study in case 2 revealed a parenchymal location of the mineral-attenuating areas, unlike the intraluminal bronchial location in cases of broncholithiasis.
Idiopathic mineralisation in the lung occurs in pulmonary alveolar microlithiasis, a rare disease characterised by intra-alveolar calcium deposits. 19 The deposition occurs in the absence of calcium metabolism disorders, usually as an incidental finding. 20, 21 In contrast to our cases, pulmonary lesions are commonly diffuse with a 'sandstorm appearance' and not associated with inflammation. 20 Other differential diagnoses for mineralised lung foci include aspiration of contrast media or pulmonary neoplasia with calcification. The clinical history allows exclusion of the first, because none of the three cats received any contrast media and, in 2/3 cases, an alveolar pattern preceded the mineralisation. Although there is a high incidence of mineralisation in bronchopulmonary tumours in cats, 22 imaging findings usually include a solitary mass (frequently cavitated) in the caudal lungs, pleural effusion and signs of tracheobronchial lymph node enlargement. 22, 23 Besides, there was only mild or no progression of the pulmonary lesions in our cases, making the possibility of a tumour unlikely.
Conclusions
ELP should be included in the differential diagnosis in cases of mineral opacities in the dependent part of the lung lobes in cats, especially in cases of chronic constipation and previous history of exposure to mineral oil. Mineral oil is unsafe owing to the risk of ELP and should be avoided in cats. We recommend the use of other treatment options for the management of constipation.
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